W
hether playing basketball, driving a car, or walking across a city street, success in a number of human endeavors requires individuals to constantly engage with their visual environments. By processing relevant visual information and executing accurate motor responses, sensorimotor skills permit us to effectively detect environmental stimuli, direct our attention to the most relevant information, and orient our bodies to successfully react to the dynamic environment around us. Not only are sensorimotor skills important in our daily activities, they are also associated with achievement in a number of human pursuits. For example, two recent meta-analyses of the sports expertise literature have shown that many, but not all, sensorimotor abilities are superior in more accomplished athletes relative to less accomplished athletes (Mann, Williams, Ward, & Janelle, 2007; Voss, Kramer, Basak, Parkash, & Roberts, 2010) . Similarly, research has shown that these skills predict success in a number of occupations, such as surgery (Datta, Chang, Mackay, & Darzi, 2002; Maan, Maan, Darzi, & Aggarwal, 2012) and military pilot performance (King et al., 2013) . In fact, military selection has historically used perceptual and sensorimotor assessments as criteria for screening pilots (Griffin & Koonce, 1996) . Collectively, these studies emphasize the need for proficient sensorimotor skills to attain the highest levels of success.
While important in a myriad of contexts, sensorimotor abilities can also be improved through practice, and there are now numerous examples wherein deliberate practice has resulted in learning that persists for weeks or months (Green & Bavelier, 2008) . For example, through different types of generalized training, individuals are able to improve visual skills, such as visual acuity (Deveau, Lovcik, & Seitz, 2014; Poggio, Fahle, & Edelman, 1992; Saarinen & Levi, 1995) , contrast sensitivity (Li, Polat, Makous, & Bavelier, 2009; Zhou et al., 2006) , spatial orientation sensitivity (Shiu & Pashler, 1992; Vogels & Orban, 1985) , and motion sensitivity (Appelbaum, Schroeder, Cain, & Mitroff, 2011; Ball & Sekuler, 1982) . This kind of vision training is suggested to improve performance, such as in athletics (Ciuffreda & Wang, 2004) . When considered in the context of motor (Karni et al., 1998) and cognitive (Willis et al., 2006) skills, where learning is frequently reported, there has been an increasing realization that the low-level visual skills that were once considered inelastic can be improved through deliberate practice.
Given the importance of sensorimotor skills, and the literature demonstrating their malleability, there is a growing movement towards developing sports vision training tools to measure and enhance these skills (Erickson, 2007) . One such tool is the Nike Sensory Station (Nike, Inc., Beaverton, OR)-a computerized assessment device equipped with a battery of psychometric tasks that are administered with video instructions in about 30 min by certified trainers. This interactive task battery includes nine measures that have been identified as important abilities for sports performance Hitzeman & Beckerman, 1993) . Specifically, the battery assesses visual skills such as static visual acuity, contrast sensitivity, and depth perception, as well as skills that rely on the coordination of ocular and motor abilities such as near-far quickness (NFQ), dynamic visual acuity (DVA), perception span (PS), eye-hand coordination (EHC), go-no go (GNG), and response times (RSP). The Sensory Stations are deployed in a number of athletic and military training facilities and thus offer a broad platform to study the variability and malleability of sensorimotor skills in important applied contexts.
Previous research with the Sensory Stations has demonstrated that certain tasks in the battery provide reliable Gilrein, 2014) and cross-validated (Wang et al., 2015) measures that can be used to investigate sensorimotor abilities in relation to performance in realworld endeavors. For example, using logistic regression techniques it was shown that better performance on DVA and visuomotor control measured by the Sensory Stations accounted for nearly 70% of the variability in goals scored over two seasons in a sample of collegiate hockey players (Poltavski & Biberdorff, 2014) . Additionally, worse overall performance scores on the Sensory Station were associated with an increased likelihood of sustaining head impacts during practices and games for American collegiate football players (Harpham, Mihalik, Littleton, Frank, & Guskiewicz, 2014) , indicating a link between collision avoidance and visuomotor skills. Together, these studies suggest that the sensorimotor skills measured by the Sensory Stations may be directly related to athletic performance and that training programs that targets these skills may lead to more optimal performance outcomes.
Based on preliminary evidence indicating test-retest improvements on the motor-dependent tasks of the Sensory Station battery Gilrein, 2014) , in the present study we aimed to more fully quantify the rate and time course of learning that might accompany practice on these tasks. Further, because there are discrepant findings on whether sleep plays a role in enhancing perceptualmotor abilities (Frank & Benington, 2006; Walker & Stickgold, 2006) or protecting learned skills from being forgotten (Rickard, Cai, Rieth, Jones, & Ard, 2008) , measures of sleep quality were also assessed via actigraphy and selfreported sleep logs for each individual throughout the duration of this study. By quantifying learning in these important visual and motor skills, the present study has the capacity to inform both theory regarding behavioral and brain plasticity that results from practice and the applied use of sensorimotor training interventions to improve realworld athletic and occupational outcomes. In particular, the present study may suggest specific abilities to target in athletic training activities and specific training sequences that would lead to expected improvements.
Method

Participants
Twenty-seven individuals (14 women) between the ages of 18 and 28 years old (M age D 22.04 years, SD D 2.65 years) participated in a four-day experimental protocol approved by the Duke University Institutional Review Board. Participants were compensated $20/hour for their efforts, and data from the first assessment session performed on the Nike Sensory Station is also included in a separate report on the state influences of sensorimotor control in Wang et al. (2015) .
Procedure
The experimental protocol consisted of four consecutive days of contact with the participants. On the first day, participants were given study instructions and signed informed consent. In addition, they were given actigraphy equipment and a written sleep log for monitoring their sleep cycles over the remainder of the study duration (more details subsequently).
On the second day of the protocol, participants returned to the laboratory and were administered an initial assessment on the Sensory Station battery, which included a onetime entering of profile information, full audio-visual instructions and a brief practice for each task (more details subsequently). After completing this first session on the Sensory Station participants then performed two more sessions that included practice trials before each task, but did not include audio-video instructions.
On the third day, participants completed four sessions of the Sensory Station battery. These sessions did not include audio-video instructions, however, participants were given a brief practice trial before each task to become refamiliarized with the instructions, and participants were encouraged to ask the experimenter questions if further clarity was required.
On the fourth and last day of study, participants performed three sessions on the Sensory Stations. The last of these included task instructions in order to mirror the initial session of the first day as closely as possible. In whole, participants completed ten sessions, each lasting about 20-25 min, over the course of days 2-4.
Measures and Tasks
Sensory Station
Behavioral assessments were performed on the Nike Sensory Station, a computerized device consisting of nine sports-relevant psychometric tasks that measure various visuoperceptual and visuomotor abilities. This device is equipped with two high-resolution LCD monitors: one 23-inch, 120-Hz display and one 42-inch, 60-Hz touch-sensitive display, both controlled by a single computer. Custom software controls the stimuli display, response collection, and test procedures based on participants' responses. Prerecorded video instructions are automatically played at the start of each task. Brief descriptions for each task are included below and schematic illustrations are displayed in Figure 1 . More detailed reports of task procedures are included in Poltavski & Biberdorff, 2014) . Additional self-reported information about the participant's age, gender, height, eye correction, and sports activities was collected, but not used in these analyses as they did not relate to the primary research question of sensorimotor learning. Further, self-reported information about each participant's concussion history was registered, but was not analyzed because only three individuals reported ever experiencing concussions and were all greater than one year prior to the assessment.
Staircase Visual Sensitivity Tasks
The Sensory Station battery consists of four tasks that measure visual sensitivity thresholds and five that assess visuomotor abilities. The four tasks measuring visual sensitivity thresholds-static visual acuity (SVA), contrast sensitivity (CS), depth perception (DP), and DVA-were performed on a 23-inch, high-resolution display monitor with participants standing 16 ft R (4.9 m) away from the Station and responding with a handheld Apple iPod Touch (Apple Inc., Cupertino, CA) wirelessly connected to the Station computer. Responses were made with one-direction finger swipes on the iPod screen. Stimuli presentation and final thresholds were determined on a staircase procedure wherein the initial stimuli were displayed at a preset threshold value and were dynamically adjusted according to the performance of the participant. With each correct response, the following stimulus was presented at a more difficult level, while an easier level followed incorrect responses. The staircase ended when two adjacent levels of correct and incorrect responses were recorded; the hardest level with two correct responses determined the threshold.
The SVA task assessed the minimum detectable spatial resolution for a nonmoving, black Landolt ring presented on a white background. The gap of the ring was either at the top, bottom, left, or right of the ring, and participants were asked to swipe the touch screen in the direction of the gap. The initial resolution was set equivalent to 20/50 Snellen acuity, and adjusted following the staircase procedures described above (range D 4-18 steps; average D 10.4). The stimulus stayed on the screen until a response was given. Right monocular, left monocular and binocular acuities were measured in LogMar units and averaged for analysis purpose, with smaller values indicating better performance. In past research, the SVA task has been crossvalidated using a Snellen Eye Chart and was shown to be a valid measure of visual acuity (Wang et al., 2015) .
The CS task assessed the minimum contrast level to distinguish lightness and darkness on a grey background. Participants were presented four circles in a diamond formation and asked to identify which circle contained a pattern of concentric rings by swiping in the direction of the circle. Stimuli were adjusted according to the staircase procedure (range D 3-17 steps; average D 9.6) and remained on the screen until a response was given. Final contrast thresholds were measured between 10% and 1.0% contrast at six cycles per degree (cpd), and between 32% and 2.5% contrast at 18 cpd. Measurements were log transformed and averaged across the two spatial frequencies with larger values indicating better performance. Previous research has shown that performance on the CS task is highly correlated to other measures of contrast sensitivity (Lesmes, Lu, Baek, & Albright, 2010) , indicating that the CS task is a valid measurement (Wang et al., 2015) .
The DP task measured the threshold at which the smallest amount of disparity required to identify differences in depth. Because stereoacuity differs for different head positions (Yoo, Reichow, & Erickson, 2011) , DP included three viewing conditions: with participants directly facing the display, turned to the right and looking at the display over their left shoulder, and turned to the left and looking at the display over their right shoulder. Participants wore a pair of liquid crystal goggles (NVIDIA 3D Vision, Santa Clara, CA) connected via wireless link to the Station computer. The liquid crystal shutter system created simulated depth in one of four black rings presented on a light gray background and participants were asked to identify, by swiping on the iPod, which ring appeared to have depth. Stimuli stayed on the screen until a response was given, and depth perception thresholds were determined with the staircase procedure (range D 3-21 steps; average D 9.1) and measured as the smallest amount of disparity in arc seconds required for the ring with depth to be identified. The average threshold for the three conditions was used for analysis, with smaller average thresholds indicating better performance.
DVA tested the ability to resolve briefly presented peripheral targets by measuring the minimal amount of time needed to correctly identify the gap direction of a slightly suprathreshold Landolt ring. On each trail a Landolt stimuli set at 110% of SVA was briefly displayed in one of the four corners of the screen, and participants were asked to identify which cardinal direction the gap was facing by swiping the iPod in the corresponding direction. The duration of presentation of the Landolt ring started at 250 ms and was dynamically adjusted according to the staircase procedure (range D 5-36 steps; average D 12.4). Final dynamic visual acuity scores were the minimum amount of time in milliseconds required to correctly identify the gap in the ring, with shorter durations indicating better performances.
Psychomotor Tasks
Five of the tasks performed on the Sensory Station assessed visual abilities in coordination with motor skills. These tasks measured how quickly and accurately a stimulus could be perceived, processed and engaged. During one of the tasks (NFQ), participants stood 16 ft away and responded using the iPod touch. For the other four tasks, participants stood at arm length and used the 42-inch touchsensitive screen positioned at eye level to respond. These tasks did not use a staircase procedure.
The NFQ measured how quickly participants could visually accommodate between near and far targets. During this task, participants stood 16 feet away from the Station and held up the iPod at arm's length so that the top of the handheld screen appeared to align with the bottom of the 23-inch display on the Station. A black Landolt ring was alternatingly presented at the top of the near screen of the iPod and the center of the far screen of the Station. Participants were instructed to swipe the iPod screen to indicate the direction of the gap as quickly as possible. The next stimulus appeared on the successive screen only after a correct response was registered for the current stimulus. Scores were the total number of correct responses made in 30 seconds.
The PS task tested spatial working memory for briefly presented patterns of dots. During this task, a grid of circles in a radial configuration was displayed for 100 ms on the large 42-inch touch screen. For each trial a pseudorandomized pattern of green dots flashed briefly within a subset of the circles and participants were instructed to recreate the pattern of the dots by touching the corresponding circles. As participants progressed through the task, the size of the grid and the number of dots presented increased. The task ended when participants could no longer reach a passing score (100% correct for the first three levels and 75% correct for the higher levels) on two successive trials for a given level (range D 4-14 levels; average D 10.1). PS scores were computed as the total number of correctly identified dots minus the number of missed or falsely identified dots across all of the trials. Across the whole sample, 88% of possible targets were correctly identified, 12% were missed, and 5.6 false alarms were made per individual.
EHC measured the ability to quickly and accurately touch a sequence of briefly presented targets. During the task a green dot would appear pseudorandomly on a display in one of 48 locations on the screen (in a 8 £ 6 grid), and participants were to touch the green dot as rapidly as possible using either hand. Once the target was touched, auditory feedback was given, the dot would disappear and a subsequent green dot would immediately appear in another location on the grid. This would continue until a sequence of 96 dots was successfully completed (two at each of the 48 locations). The score for EHC was the total time it took to touch all 96 dots in the sequence.
GNG was a response inhibition task that tested the ability to respond to go targets while not responding to no-go nontargets. This task was similar to EHC except both green and red dots would appear. Participants were instructed to touch the green dots but to withhold responses to the red dots. In this task dots would only appear for 500 ms before a subsequent dot would appear and this happened until 96 total dots (64 green, 32 red) cycled through the task. Auditory feedback was provided for both hits (high tone) and false alarms (low tone) and final GNG scores were computed as the total number of targets successfully engaged minus the number of red dots incorrectly touched.
The RSP task measures simple motor reaction time in response to a visual stimulus. During this task two rings were presented on either side of the 42-inch touch screen. Participants were asked to place the fingertips of their dominant hand in the starting ring on that side of their body while aligning their body with the other landing ring. When the landing ring turned green, the participant disengaged from the starting ring and made a ballistic hand movement to touch the landing ring as quickly and accurately as possible. Participants would complete seven trials, with the possibility to repeat up to two of these trials if they were slower than two standard deviations from the mean. RSP was computed as the average time it took to disengage from the starting ring and engage with the landing ring for the seven trials.
Sleep Measures
Previous studies have shown performance improvements in subsequent testing for both perceptual discrimination (Karni, Tanne, Rubenstein, Askenasy, & Sagi, 1994) and motor tasks (Walker, Brakefield, Morgan, Hobson, & Stickgold, 2002 ) following a night of sleep when compared to equally elapsed periods of wakefulness. Other studies, however, have not observed interactions between sleep and perceptual learning (Aberg, Tartaglia, & Herzog, 2009; Hussain, Sekuler, & Bennett, 2009) , leaving the role of sleep in learning an open question. In light of these findings, we recorded actigraphic and self-reported measures of sleep throughout the study period to assess the relationship between sleep and sensorimotor performance on the Sensory Station tasks. Actigraphy data was collected in 15-s epoch lengths using the Actiwatch 2 (Actiwatch 2, Philips Respironics, Andover, MA). Self-report measures of sleep activities were recorded on a written sleep log that was completed by participants each evening before bed and morning upon awakening. The sleep log was modeled after The Consensus Sleep Diary (Carney et al., 2012) , and participants described characteristics of their previous night of sleep, such as estimated sleep onset and offset times, number and duration of any nighttime awakenings, and restfulness of the sleep. Answers from the sleep log were used as a guide to confirm rest intervals during actigraphy analysis.
Analyses
Behavioral Measures
Of the 27 individuals who participated, 26 successfully completed all 10 sessions of the Sensory Station. One participant performed only two sessions on the final day, completing only nine total sessions over the four days, with the final session including full instructions. For analysis purposes, scores from this participant's ninth session were duplicated as their scores for the tenth session.
To test the hypothesis that behavioral performance exhibited significant change over the ten practice sessions, linear and quadratic coefficients for change were first calculated for each of the nine tasks over the ten practice sessions. One-way t tests were performed to assess whether the resulting linear and quadratic coefficients were significantly different from zero. As such, these results indicated whether there was a change in performance over the 10 training sessions in each of the tasks, as well as any variation in the rate of change over sessions.
Separate follow-up analyses were performed to more specifically describe learning in some of the tasks that showed improvements in the analyses described previously. Within the NFQ task, response times were summed individually for the responses to stimuli presented on the near display (near) and for the responses to the stimuli presented on the far display (far). Linear and quadratic coefficients were calculated separately for near and far trials and one-sample t tests were performed to test for selective changes in performance over the ten sessions.
The RSP task was subdivided into reaction times, the average time in milliseconds it takes to disengage ones hands from the starting ring after the target is displayed, and rotor times, the average time it takes to reengage with the target ring. Linear and quadratic coefficients were calculated for these and one-sample t tests were conducted to assess whether changes over the course of the ten sessions were significantly different from zero.
EHC and GNG were both performed with stimuli presented on a virtual 8 £ 6 grid, spanning the extent of the 42-inch touch screen display. To assess how learning manifest over the spatial extent of this display the grid was subdivided into three regions-the center, an inner ring, and an outer ring (see Figure 3 )-and a 3 £ 2 analysis of variance (ANOVA) comparing the three regions and the two sessions was conducted for both tasks. ANOVAs were corrected according to the Greenhouse-Geisser criteria.
Sleep Measures
Actigraphy was recorded continuously on each participant over the duration of the four-day experiment and rest intervals were manually set with guidance from motion activity, ambient light, and self-report measurements. Average sleep duration and average sleep efficiency-which is defined as the ratio of time asleep to time spent attempting to sleep-were calculated using the proprietary algorithm within the Actiwatch commercial software. Due to a miscalibration of the Actiwatch, one participant did not have actigraphy data and was removed from analyses involving sleep. Pearson's correlations were computed to assess whether these sleep measures were related to task performance or learning coefficients. In addition to assessing how individual participant sleep metrics impacted psychometric performance, we also compared whether or not performance differed between sessions that occurred successively within the same day versus changes that occurred between sessions that were separated with a night of sleep.
Results
Performance Summaries
Behavioral performance on the nine Sensory Station tasks was in close agreement with previously reported performance for other samples of healthy, college-aged individuals Gilrein, 2014; Wang et al., 2015) . Means for the nine tasks, across the 10 sessions, are shown in Table 1 . Across the twenty-seven participants, performance adhered to normal distributions for the NFQ, DVA, PS, EHC, GNG, and RSP tasks (all Shapiro-Wilk ps < .03). Performance did not adhere to normal distributions for the SVA, CS, and DPT tasks (ps > .45), as these tasks produced a limited number of threshold values under the staircase schedule used.
Sensorimotor Learning
Our primary goal in the present study was to characterize and compare the rate of learning that occurred over repeated practice with the nine sensorimotor tasks. Toward this aim we observed significant improvements in performance in five of the nine tasks (see Figure 2 and Table 2 ). Specifically, linear coefficients were significantly different from zero for the NFQ, PS, EHC, GNG, and RSP tasks. In each of these five cases, the linear change indicated improved performance over the course of the 10 sessions, with improvements of 46% for NFQ, 25% for PS, 16% for EHC, 61% for GNG, and 9% for RSP, relative to performance on the first session. Linear coefficients did not differ significantly from zero for SVA, CS, DP, and DVA.
Quadratic coefficients indicate a change in the rate of learning. Among the nine tasks, quadratic coefficients differed significantly from zero for only the EHC and GNG tasks. The values of these coefficients (positive for EHC and negative for GNG) indicate decelerating rate of improvement such that practice effects were larger in early sessions but were reduced in later sessions.
Component Learning for Individual Tasks
As described previously, significant improvements in performance were seen on five of the nine tested tasks. To shed light on what specific aspects of each task improved, we further analyzed different subcomponents of these tasks.
NFQ requires rapid changes in visual convergence of the eyes to near targets, as well as divergence to far targets. The observed learning in this task may therefore stem from improvements in either, or both, of these types of eye movements. To investigate this further, coefficients of change were calculated separately for response times to near and far trials. One-sample t-tests (Table 3) revealed that both near and far trials showed significant linear improvements throughout the ten sessions (p < .001), with slightly greater improvement in reaction times for near trials (34% improvement) relative to far trials (30% improvement).
The RSP task used in this experiment measures motor actions in response to visual stimuli, such that participants must quickly detect a go signal and disengage their hand from the starting ring (reaction time), and then make a ballistic hand movement to touch the landing ring on the touch-screen monitor (motor time). Enhancements in either of these two subcomponents of the task could be driving the overall performance improvements throughout the ten sessions. To investigate this, coefficients for change were calculated for reaction times and motor times and submitted to onesample t tests. Results (Table 3 ) indicated that both reaction times and motor times showed significant linear improvements throughout the 10 sessions (p < .02), with greater improvements in motor times (15% improvement) relative to reaction times (6% improvement). The EHC and GNG tasks both require quick and dynamic visuomotor coordination that is widely distributed over space on the 42-inch touch-screen monitor. As these two tasks both showed substantial learning over the 10 sessions, we wished to further quantify the spatial extent of improvements driving these enhancements. For this purpose the array was divided into three concentric regions (Figure 3 , right) and reaction times were submitted to a 3 £ 2, region by session ANOVA (shown graphically in Figure 3 , left). Note. The direction of better performance is shown in parentheses for each task.*p < .05.**p < .01. There are 26 degrees of freedom for all t-tests listed.
For the EHC tasks, this ANOVA (Table 4) Post hoc paired-sample t tests further determined that changes from session one to session ten were significant in all three regions (p < .001; center t D 8.07, inner t D 8.10, outer t D 9.34).
To assess the spatial extent of learning for GNG accuracy was computed at each location based on the number of green 'go' trials in each region. This 3 £ 2 ANOVA (Table 4) showed a main effect of region, F(1.78, 46.27) D 59.41, p < .001, h GNG from sessions 1-10 were significant in all three regions: center (t D -3.88, p D .001), inner (t D -7.90, p < .001), and outer rings (t D -6.17, p < .001). Based on these spatial analyses it can be inferred that learning occurred rather uniformly over the spatial extent of the display.
Assessing the Role of Sleep on Sensorimotor Learning in the Sensory Stations
Because of the discrepant findings on sleep exclusive learning enhancements (Rickard et al., 2008; Walker & Stickgold, 2006) , we also assessed whether sleep quality was related to the behavioral performance observed in these tasks. To determine whether measures of sleep quality were related to overall performance, the average sleep duration (400.3 § 61.8, minutes) and sleep efficiency (85.8% § 4.5%) were computed over the three nights and compared to the average performance on each task. Average sleep duration and sleep efficiency adhered to normal distributions (all Shapiro-Wilk ps > .05) and were in the normal range of reported sleep parameters for healthy young adults (Ohayon, Carskadon, Guilleminault, & Vitiello, 2004) . After Bonferroni correction for multiple comparisons (adjusted alpha for the nine tasks, p < .0055), results indicated that there were no significant correlations between sleep duration or efficiency and the average task performance (i.e., averaged over the 10 sessions). Similarly, there were no significant correlations between these sleep measures and either the linear or quadratic coefficients of change for any of the tasks. FIGURE 3. Heat maps of EHC response times and GNG accuracy rates. Note that lighter colors depict better performance. These maps indicate that improvements in performance for both tasks are widespread throughout the entire grid.
Since sleep has been suggested to aid in memory protection, rather than enhancement (Rickard et al., 2008) , we also assessed whether the rate of learning differed for sessions performed within a day, versus between days. For this purpose the average differences between subsequent sessions on the same day (sessions 1-2, 2-3, 4-5, 5-6, 6-7, 8-9, 9-10) were compared to the average differences between subsequent sessions separated by a night (sessions 3-4, 7-8). A paired sample t test showed no significant difference between withinday and between-day changes for each task (ps > .05).
Discussion
The Nike Sensory Station is a computerized psychometric battery that offers a quantitative platform for assessing a variety of sports-relevant sensorimotor abilities, ranging from low-level visual sensitivity to complex visuomotor coordination. In the present study we were interested in assessing how performance on these abilities changed as a result of repeated practice over a relatively short timeframe. By having participants practice this battery ten times over three days it was possible to quantify simple linear and quadratic coefficients of change to provide a preliminary mapping of learning for these skills. Using this approach, we found significant improvements in tasks with high visuomotor control demands and little change in tasks that primarily assessed visuoperceptual skills. In particular, substantial improvements in NFQ, PS, EHC, GNG, and RSP was observed, with some tasks improving as much as 60%. Furthermore, the present findings demonstrated improvements in many different facets of the motor-based tasks such that different performance components within each task got better with practice. For example, both perceptual reaction speeds for detecting the target stimuli and the motor execution times for successful manual response significantly improved in the RSP task. Despite the initial hypotheses that the quality or duration of sleep would substantially impact the rate of learning and/or average performance, little evidence was found that sleep played a modulating role. In the following sections we discuss how these findings fit into the existing literature on perceptual and motor learning, speculate on why sleep did not impact behavior in the present study, and discuss these findings in the context of sports-specific sensorimotor assessment and training tools.
Sensorimotor Learning
Humans have the capacity to improve in many sensorimotor abilities in a relatively short period of time (Green & Bavelier, 2008; Wolpert, Diedrichsen, & Flanagan, 2011) . Whether improving eye-hand coordination (Sailer, Flanagan, & Johansson, 2005) , arm reaching speed and accuracy (Cirstea, Ptito, & Levin, 2006) , or visual memory (Appelbaum, Cain, Schroeder, Darling, & Mitroff, 2012; Klingberg, 2010) under the right conditions many visuoperceptual and visuomotor abilities can be improved through deliberate practice. Although improvements in low-leveled vision, such as visual acuity (Deveau et al., 2014; Poggio et al., 1992; Saarinen & Levi, 1995) and contrast sensitivity (Li et al., 2009; Zhou et al., 2006) , have been previously demonstrated under distinct testing conditions, investigations specific to test-retest performance on the Sensory Station, including our own, have predominately found motor learning, with little or no improvements in tasks assessing low-level vision Gilrein, 2014) .
These findings are consistent with the idea that processes related to visual hardware, such as visual acuity, contrast sensitivity, and depth perception, are limited by the physical optometric properties of the visual system (Abernethy, 1986) , which in the fovea are near optimal because of the high density of photoreceptors (Ciuffreda & Wang, 2004) . Although these skills may be improved through targeted training, there is little evidence showing that improvements will lead to better real-world performances (Abernethy & Wood, 2001; Wood & Abernethy, 1997) . More often, elite performers are distinguished by their abilities to accurately perceive and react to relevant stimuli, known as visual software abilities, which are often influenced by the performer's prior experience and expectations (Abernethy, 1986) . One exception in the present study is the improvements observed in performance on the NFQ task, which tests aspects of the visual hardware associated with accommodation and vergence. While accommodation and vergence are generally considered to be aspects of visual hardware, they are shown to be relatively malleable, as they can be compromised by traumatic brain injuries (Ciuffreda et al., Note. Accuracy is computed as the ratio of hits versus possible targets (green dots) and excludes nontargets (red dots).
2007) and improved through visual therapy (Yadav, Thiagarajan, & Ciuffreda, 2014) . It is also possible that the motor demands on eye movements needed to complete the NFQ task also led to compensatory motor improvements and enhanced performance (Abernethy, 1986) . The mechanisms by which the Sensory Station measures Static and DVA, CS, and DP tasks, which are all managed by a staircase procedure, could also partially explain the lack of improvements shown in these tasks. While the participants got to practice many dozen trails in each of these tasks over the 10 sessions, it is possible that the staircase procedure governing the stimulus displays may not have afforded adequate exposure at challenging enough thresholds to effectively improve low-level vision in a short period of time. As some studies have indicated that aspects of visual sensitivity can be improved with practice (Deveau et al., 2014; Li et al., 2009; Poggio et al., 1992; Saarinen & Levi, 1995; Zhou et al., 2006) , additional practice with these tasks may eventually yield significant practice effects.
Learning in sensorimotor skills has been of historical interest in psychology and researchers have long sought to characterize the time course of learning in these abilities. Typically, these studies have found that early performance on a novel task begins in a slow, effortful and error-prone manner until performance becomes more quick, accurate, and effortless through practice (Ackerman, 1987 (Ackerman, , 1988 Newell, 1991) . As such, studies have often found practice effects to adhere closely to a power function (Anderson, 2000) . The improvements seen in the current study, however, are primarily linear, with only EHC and GNG also showing slight, but significant, quadratic trends in overall task improvement. While higher order learning functions were not quantified in the current study, it is clear that the improvements here were primarily linear and, therefore, deviate somewhat from the expectation of power learning functions. One interpretation is that there is still more capacity for improvement on these tasks and that the ten practice sessions were not sufficient to capture the diminishing effects of practice seen in a typical power function. As such, additional practice may be expected to yield less dramatic improvements that eventually taper off and plateau. Furthermore, the dissimilar rates of improvements in the Sensory Station tasks indicate that the various visuomotor skills are developed at unique rates, so that additional practice may not yield uniform gains across tasks.
Last, it is important to consider the degree to which behavioral improvements might stem from visuomotor skill learning or from greater familiarity with the testing context and apparatus. Two aspects of the present results suggest that familiarity may not be strongly contribution to these findings. First, visuoperceptual abilities measured in the first four tasks did not improve, but were practiced the same amount as the tasks that did improve, indicating limited benefit of simple familiarity. Second, tasks like EHC and GNG that differ on only one dimension (added response inhibition), differ threefold in the amount of improvement due to practice. This difference would suggest that the greater learning in the GNG task might stem from relatively more improvements in response inhibition abilities, above visuomotor coordination alone, indicating specific task learning.
Sleep, Psychomotor Performance, and Learning
Over the past several years there has been growing evidence that sleep is important for the consolidation of certain types of memories (McGaugh, 2000; Stickgold, Hobson, & Fosse, 2001) . Studies addressing learning in a number of domains including sensory discrimination (Karni et al., 1994; Stickgold, James, & Hobson, 2000) , motor skills (Walker et al., 2002) , and more general procedural-based skills (Peigneux, Laureys, Delbeuck, & Maquet, 2001) have shown that sleep leads to greater improvements in performance, relative to the same period of wakefulness. Nonetheless, other studies have indicated that sleep may not be important for types of sensory and perceptual learning or may only occur once the perceptual system has been properly adapted to the stimuli (Aberg et al., 2009; Hussain et al., 2009) , creating an open question as to the role of sleep in the learning of different skills.
In the present study, we did not find a significant relationship between performance and sleep. However, this study differed from many previous investigations in that the participants in this study were unconstrained in their sleep patterns. As indicated by the 400 average minutes of sleep, these individuals were well within the range of normal uninterrupted sleep for a college-ages sample (Ohayon et al., 2004) . As such, sleep may not have been sufficiently deprived as to interact with learning or general performance. The fact that learning did not decrease over the interval between successive testing days may support the notions that sleep acts to assist in the stabilization of memories (Rickard et al., 2008) . Further studies perturbing normal sleep schedules will help to identify the role of sleep in performance on this battery.
Conclusions and Implications
The present study demonstrated differences in capacity and rate of learning across perceptual and motor domains in a sample of healthy young adults. These findings have relevance to the realm of skill acquisition that has sought to better understand the human capacity for learning and the factors that contribute to these abilities (Macnamara et al., 2014) . Further, these results may have implications toward the utility of the Nike Sensory Station for athletic assessment and training approaches. For example, there is a long history of literature demonstrating that superior sensorimotor abilities differ for more or less accomplished individuals in numerous occupational pursuits, such as in sports (Mann et al., 2007; Poltavski & Biberdorff, 2014; Voss et al., 2010) , medicine (Datta et al., 2002) , and military activities (King et al., 2013) . Moreover, recent demonstrations that specific abilities assessed by the Sensory Stations are predictive of greater on-field performance (Poltavski & Biberdorff, 2014 ) and injury avoidance (Harpham et al., 2014) indicate that training of these skills may lead to improved outcomes in athletic and other real-world pursuits. As such the current findings point towards specific abilities that may show the greatest learning and therefore can be used to guide interventions aimed at improving success in these important applications. Future research may build on these findings to assess the transfer of learning on this sensorimotor battery to on-field performance, and other real-world pursuits.
